Abstract-The aim of this study was to assess the repeatability of the EMED ® -A and identify the repeatability of data for different types of measurements (walking without load, walking with load, standing without load, and standing with load). Each load weighing 1.5 kg must be hold at left and right hands. Contact area (CA), maximum force (F), peak pressure (PP) were calculated. In addition, coefficient of variation (CV) is calculated for repeatability of EMED ® -A. In conclusion, the EMED ® -A foot plantar pressure monitoring system was found to be repeatable and can be used as valuable tool for plantar pressure distribution assessment.
I. INTRODUCTION
Foot is one of the most ergonomically efficient structures of the body and can sustain the enormous pressures generated by dynamic activities. Foot is the only anatomical structure that comes in contact with the ground during the gait cycle especially during standing condition. Hence, it has to withstand any impact generated as a result of the bodyweight and in turn the ground reaction force produced [1] .
There are many equipment's for foot pressure analysis using different technologies available nowadays. The technology of each devices differs in their size, number of sensors, sensor type, loading response, and accuracy. Typically there are two types of measurement devices: platform system, and insole systems [2] , [3] .
These devices are usually used for research setting and clinical practice to measure pressure under the foot. Such devices provide important information which can be used as a tool for evaluating patients with foot problems. Usually, dynamic (walking) and static (standing) measurement were taken into consideration for the foot plantar pressure distribution measurement. This measurement helps researcher and physicians to evaluate the pressure distribution under foot which requires accurate assessment of foot and gait pathologies [4] - [8] .
As the application of foot plantar pressure measurement systems widens, it is necessary to determine the repeatability and normal pressure values of foot plantar pressure for references and comparison purposes.
The EMED ® platform system is one of the most commonly used in clinical practices. Several EMED ® systems are available with different technical specifications. Previous work on repeatability of the EMED ® system have been done by [9] using EMED ® ST4 system, and [10] using EMED ® ST2 system. However, previous work did not addressed the repeatability of the EMED ® -A system. Thus, the aim of this study to examined the repeatability of the EMED ® -A system (Novel, GmbH, Germany). Based on this aim, the repeatability of this system will based on the coefficient of variance (CV) and compare it with four different type of measurements (walking without load, walking with load, standing without load, and standing with load).
II. MATERIALS AND METHOD

A. Selection of subject
The study was conducted after obtaining the University Research Ethics Committee's approval. All participants gave written informed consent. A healthy male volunteer were recruited for the study. Participant with any clinical problems that could potentially affect their gait were excluded. Those with foot and ankle, knee, hip and spine pathologies, previous injuries/surgeries to the foot and ankle, lower limb will also be excluded in this study. On acquiring informed consent, anthropometric measurements including height, weight, foot size and age were recorded 1.78 m, 80 kg, 38 (EU size), and 38 years respectively.
B. Foot Plantar Pressure Measurement System
A number of different versions of EMED ® systems are available with different specification depending on the requirements. In this study, EMED ® -A (Fig. ) system were used. It used capacitance type of sensor where an applied force alters the capacitance values across two perpendicular strips. The system will senses and sends to a computer. The force transducer matrix consists of a 389 mm x 226 mm rubber mat with 1760 sensors at a resolution of 2 sensors/cm 2 . Pressure range of this system is from 10 kPa -1270 kPa, and sampling frequency of 50 Hz.
C. Data Collection
The system was placed in the center of combination of six wooden platforms surround it with same height with EMED ® systems. This setup will ensure the measurement can be taken effectively and smoothly.
In this study, there are 4 types of measurements: walking without load, waking with load, standing without load, and standing with load will be taken. In this experiment, participant must hold load weight of 1.5 kg at left and right hand (Fig. ) . For walking measurement, foot pressure data can be collected using different techniques, including the one-step, two-step, and the mid-gait methods [9] . In this experiment, participant will walked with two-step method at normal speed. Meanwhile for standing measurement, participant have to stand on the platform around 5 seconds. While Leeden and her colleagues [11] suggest a minimum of 3 repetitions for a measurement were sufficient to obtain a consistent average, this study take 10 times of each measurement for repeatability test.
D. Data Processing and Analysis
For the analysis, left and right foot were measured separately. Parameters studied in this work including peak pressure (PP, kPa), contact area (CA, cm 2 ), maximum force (F, N), and coefficient of variation (CV).
The data were not normalized for foot size and weight. The standard deviation reflects within subject left and right foot, between subject variations of measurements as well as trial to trial differences and variation in the EMED ® system. The data collected were summarized using mean and standard deviation.
The standard deviations of the data were used to determine the coefficient of variation (CV) of each parameter. This was expressed as a percentage of the mean by using the formula [(standard deviation)/mean] x 100, i.e. the higher the CV value, the weaker the repeatability. Repeatability was investigated for the left and right foot separately and the CV is determined.
III. RESULTS Table 2, and Table 3 provides the mean values, standard deviation, and coefficient of variation for contact area, maximum force, and peak pressure. Both feet showed near similar repeatability for most of the parameters. Peak pressure values is one of the significant parameters investigated for foot pain/problems. The mean peak pressure values of each measurement of walking and standing are different and it is normal values as mentioned by [12] .
V. CONCLUSION
In conclusion, for different type of measurements, most of the values of CV for contact area, maximum force, and peak pressure is less than 10%. This suggests that the EMED ® -A system is repeatable. Thus, this system can be used as part of foot pathologies assessment as well as in research work. 
